Contributions to the floral morphology and embryology of Pavetta gardeniifolia A. Rich. Part 2. The ovule and megasporogenesis  by Teichman, Irmgard von et al.
Contributions to the floral morphology and 
embryology of Pavetta gardeniifolia A. Rich. 
Part 2. The ovule and megasporogenesis 
lrmgard von Teichman, P.J. Robbertse and C.F. van der Merwe 
Margaretha Mes Institute for Seed Research, Department of Botany, University of Pretoria, Pretoria 
In Pavetta gardeniifolia the ovule is hemitropous, unitegmic with 
a rudimentary nucellus and a monosporic, Polygonum-type 
embryo sac. The base of the ovule is encircled by an a ril-l ike 
tissue with papillate cells secreting a mucilage in which the seed-
borne leaf-nodulating bacteria are harboured. The ultrastructure 
of these cells as well as their relation to a true aril is discussed. 
Fertilization is porogamous. Endosperm development is nuclear 
and in the mature seed it is proteinaceous. 
S. Afr. J. Bot. 1982, 1: 22-27 
Die saadknop van Pavetta gardeniifolia is hemitropies met 'n 
enkel integument, rudimentere nusellus en 'n monosporiese 
Polygonum-tipe embriosak. Die saadknop word aan die basis 
om ring deur 'n arillusagtige weefsel met papilagtige selle wat 
slym afskei. Saadgedraagde bakteriee wat verantwoordelik is vir 
die vorming van blaarknoppies word in die slym gehuisves. Die 
ultrastruktuur van hierdie selle sowel as hulle moontlike verband 
met 'n egte arillus word bespreek. Bevrugting is porogamies. 
Endospermontwikkeling is nukleer en in die volwasse saad is die 
endosperm ryk aan prote.ien. 
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Introduction 
Pavetta is distinguished from its related genera by the 
bacterial nodules in the leaves. These bacteria are seed 
borne and in preliminary studies they were found in the 
mucilage between the cotyledons around the plumule of 
each seed. The project was started to establish the route 
of the bacteria into the ovule . 
The literature on various aspects of the embryology of 
the Rubiaceae is quite comprehensive . However, as also 
mentioned by Corner (1976), there is in this large family 
still the 'need of extensive investigations into the generic 
and specific variations' of aspects like integumental 
thickness and placental outgrowths. We therefore under-
took a more extensive study and hope that this report will 
help future workers in this field to construct a more 
complete picture of the embryology of the Rubiaceae . 
Material and Methods 
The material used and the preparation of the semi-thin 
GMA sections has been described in the first paper of this 
series (von Teichman & Robbertse , Part 1, 1982) . The 
sections were either used to carry out the PAS-reaction 
and examined without being counter-stained or they were 
counter-stained with toluidine blue as described before. 
Some sections were only stained with toluidine blue. Other 
sections were used for the following: 
(a) staining for lipids in a saturated solution of sudan 
black B in 70% ethanol, for 10 min; after rinsing 
them in 70% ethanol, they were mounted in liquefied 
glycerine jelly; 
(b) staining for proteins (sensu Jato) in a 1% aqueous 
acid fuchsin solution was done for 1 to 5 min; 
(c) sections were stained in ami do black 10 B according 
to Bullock , Ashford & Willetts (1980); 
(d) to remove some proteins , as a control , sections of 
the same block were left in a solution of 1% pepsin 
in 0,01 M HCI , pH 2,6 for 20 h at 37°C. They were 
rinsed in distilled water and stained with amido 
black 10 B; 
(e) sections were mounted in a drop of saturated phloro-
glucinol in 20% HCl to stain lignified cell walls; and 
(f) unstained sections were observed with polarization 
optics. 
To follow the course of the pollen tubes, the ovary or 
ovules were cleared as described previously (von Teichman 
& Robbertse, Part 1. 1982). After bleaching the material, 
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it was rinsed very carefully in 0,067 M phosphate buffer at 
pH 8,5. It was then mounted in a 0,05% aniline blue 
solution in the same buffer and examined by transmitted-
light fluorescence using a Reichert UNIV AR microscope. 
The material used in the TEM investigations was fixed 
in 6% glutaraldehyde in 0,05 M sodium cacodylate buffer, 
post fixed in 2% 0 50 4 in the same buffer, dehydrated 
with ethanol and propylene oxide and embedded in 
Spurr's low viscosity resin. The thin sections were stained 
with 5% aqueous uranyl acetate and lead citrate according 
to Reynolds (1963). The sections were examined with a 
Philips EM 301 at 60 kV. 
Observations 
About two months after the initiation of the inflorescence, 
the length of the flower bud is approximately 0,25 mm. 
At this stage the perianth lobes can be distinguished. 
Seven months later, the flower buds are about lmm long. 
The development of the calyx, corolla and androecium is 
well advanced, while the ovules are only beginning to 
differentiate (Figure 1). 
Figure 1 Longitudinal section of a young flower bud showing the aril-
like tissue developing around the ovule primordium (Op); A = anther; 
D = disc; P = petal; S = sepal; St = style. 
At this very early stage a very striking aril-like tissue 
starts to develop around the base of each ovule primor-
dium. This tissue is a continuation of the transmitting 
tissue in the base of the style and develops basipetally 
around each ovule. Maximum development is reached at 
the time of fertilization (Figure 6) and it almost disappears 
when the seed matures (Figure 10). The outer rim of this 
aril-like tissue consists of papillate cells with thick walls , 
peripheral cytoplasm and large vacuoles. The cytoplasm 
contains numerous ribosomes, rough ER, many dictyo-
somes (Figure 2) and mitochondria (Figure 3a). The 
plastids contain starch grains (Figure 3b) which are also 
detectable with light microscopy. A function of this aril-
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Figure 2 An electronmicrograph of the dictyosomes in the papillate 
cells of the outer rim of the aril-like tissue. Mag.: 43 000 x. 
Figure 3a An electronmicrograph of papillate cells of the aril-like 
tissue showing clearly numerous dictyosomes, mitochondria and thick 
mucous wall. Mag.: 7 200 x. 
Figure 3b An electronmicrograph of papillate cells of the aril-like 
tissue showing vesicles, plastids with starch grains and bacteria (arrow) 
in the mucilage. Mag.: 3 500 x. 
like tissue is the excretion of a mucilaginous substance 
in which bacteria survive (Figures 3b & 4). The mucilage 
is probably produced in the very distinct vesicles produced 
by the dictyosomes (Figure 2) and deposited into the cell 
wall through which it probably moves in molecular form . 
The delimitation between the thick mucous walls of the 
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papillate cells and the mucilage containing the bacteria is 
not always very clear (Figure 3b). 
Flower development in P. gardeniifolia takes place in 
the stipular cavity filled with mucilage-containing bacteria , 
with the result that bacteria enter the ovary when the 
flower buds are initiated. They are enclosed in the ovary 
when the carpel primordia close to form the stigma. In 
the ovary they survive and most probably enter the ovule 
either during its ontogeny or through the micropyle during 
fertilization when the pollen tube enters the ovule . 
Figure 4 Longitudinal section of ovary showing part of the style (upper 
part) , papillate cells and PAS-positive mucous harbouring the bacteria 
(arrow). 
The hemitropous ovule is unitegmic and tenuinucellate. 
It contains only a few nucellus cells in the young stage 
(Figure 5b ). The archesporium cell (Figure 5a) acts as the 
megaspore mother cell and the chalaza! megaspore gives 
rise to an 8-nucleate , Polygonum-type embryo sac (Figure 
7). No filiform apparatus was observed . Prominent 
vacuoles are present in the egg cell and synergids while 
numerous starch grains, giving a positive reaction with 
PAS, occur in the central cell (Figures 7 & 8). The polar 
nuclei fuse before fertilization to form a secondary 
embryo sac nucleus , lying in close proximity to the egg 
apparatus. 
In the mature ovule a well-developed hypostase, (Figure 
9) consisting of thick-walled cells occurs . These cell walls 
do not stain with phloroglucinol and are, therefore, not 
lignified . In the mature ovule the integument consists of 
7 to 12 cell layers. The epidermal cells adjacent to the 
arillate tissue are very striking because of the large quan-
tities of tannin they contain (Figure 6). 
By means of aniline-blue-induced fluorescence it could 
be demonstrated that a large number of pollen grains 
germinate on the stigma, sending a bundle of pollen tubes 
down the central part of the style . Only one tube enters 
the ovule through the micropyle. 
The embryo is of the Solanum type and in the mature 
seed it lies in a cavity in the endosperm opposite the 
micropyle . The endosperm is of the nuclear type and in 
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Figure 5 Parts of longitudinal sections of ovary. a) Drawing showing 
the megaspore mother cell (mmc) in the ovule primordium (op) , as well 
as the papillate cells (pc) and the mucilage (m) in the ovary locule (ol); 
b) Micrograph showing the nucellus cells in the young stage (arrow) . 
The inset shows these cells in a transverse section, (scale bar = 20 ~m). 
Figure 6 Longitudinal section of a part of the ovary with two mature 
ovules-the left one clearly showing the embryo sac. The aril-like tissue 
is well developed at the apex and base of the ovules. 
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Figure 7 Diagrams of embryo sac. a= longitudinal section; b-f =trans-
verse sections ; b & c =antipodal cells; d =central cell ; e & f =the latter , 
as well as the egg cell and the synergids. 
Figure 8 Longitudinal and transverse sections of ovule showing parts 
of the embryo sac. A = With antipodal cells and central cell containing 
starch grains , the secondary embryo sac nucleus , vacuole of egg cell and 
mucilage in the micropyle. B = With two antipodal cells in t .s. (arrow). 
C = central cell in t .s. , magnification as in B. D = central cell , and egg 
cell and two synergids in t.s., magnification as in B. 
the mature seed it is smooth (not ruminate). Sections of 
the endosperm stained with acid fuchsin and amido black 
10 B gave positive reactions for proteins. Negative reactions 
were obtained with amido black 10 B after the sections 
had been treated with pepsin to digest most of the protein . 
Staining for lipids with sudan black B and for polysaccha-
rides (1:2 glycol groups) with PAS, gave negative results 
and no birefringence with polarization microscopy was 
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Figure 9 Longitudinal section of ovary showing part of a mature ovule 
with the hypostase (arrow) at the chalaza! e nd of the embryo sac. 
Figure 10 Transverse section of a one-seeded young fruit showing the 
endosperm (E) ; funicle (F) with vascular tissue; pericarp (P) and 
undeveloped ovule ( uo). Mag.: 12 x. 
obtained . It can , therefore, be concluded that the 
endosperm of P. gardeniifolia is primarily proteinaceous . 
Usually only one seed per fruit matures (Figure 10). 
The seed is cup-shaped and the cavity is filled by the 
funicle (Figure 10). 
Discussion 
Bearing in mind the work of Kapil et al. (1980), the 
structures which to a larger or lesser extent surround the 
ovule of many Rubiaceous species, should in most cases 
be interpreted as funicular arils . An example is the 
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'strophiole' occurring in Richardsonia which is described 
by Lloyd (1899 & 1902) as a second outgrowth (in addition 
to the integument) derived from the funicle. 
In Diodia teres this 'secondary enlargement of the 
funicle forms a special conductive tissue for the pollen 
tubes'. In D. teres and D. virginiana the strophiole is 
characterized by the occurrence of a large number of 
excretory cells which become filled with raphides. The 
latter were identified as calcium oxalate in the mature 
seed (Lloyd 1899 & 1902). 
Fagerlind (1937) states that in a number of Rubiaceous 
species an extra structure resembling an integument, is 
present. In reviewing the earlier literature in this 
connection, he makes it clear that, a) Goebel called all 
accessory covers of ovules 'arils', while b) Wettstein 
considered only the extra coverings of the ovule which are 
formed after fertilization to be arils whilst those structures 
formed earlier he called 'strophioles' . Fagerlind (1937) 
found a well developed 'strophiole' in Tricalysia . In the 
Pavetta species he studied, these structures developed so 
early that he could not easily distinguish the tissues of the 
ovule primordium from these placental or funicular 
outgrowths. He described the 'strophiole' as being 
continuous or open ring-shaped swellings which are 
formed on the placenta surrounding the young ovule 
primordium. Our observations on P. gardeniifolia 
therefore confirm those made by Fagerlind. 
A 'strophiole' is also present in the following Rubiaceous 
species: a) Borre ria hispida (Farooq 1959); b) Borreria 
stricta (Siddiqui & Siddiqui 1968b); and c) Tarenna 
asiatica (Periasamy & Parameswaran 1965) where it is 
said to be a spongy placental tissue which develops tannin 
cells in abundance. These authors interpreted 'strophioles' 
as the phylogenetic remnants of an aril which has lost its 
function and individuality. 
This interpretation seems also very appropriate for P. 
gardeniifolia as the aril-like tissue is, as stated above, 
almost absent in the mature seed. 
The idea of interpreting these aril-like structures in the 
Rubiaceous ovule as remnants of the second integument 
dates back to the work of Lloyd (1899 & 1902) who stated 
that it 'superficially suggests an integument'. Fagerlind 
(1937) stated that it was very likely that the 'strophiole' 
could represent the second integument, as these structures 
so obviously resemble an integument. It seems possible 
that in P. gardeniifolia the aril-like tissue could represent 
the phylogenetic remnants of the second or outer integu-
ment, which might have had the form and function of a 
true aril. 
As has been described by many authors, the nucellus in 
the Rubiaceous ovule is very reduced. The single 
integument is thick and outgrows the nucellus so that the 
latter lies at the bottom of a narrow and long micropylar 
canal . 
According to Corner (1976) the Rubiaceous ovules are 
crassinucellate to tenuinucellate. The crassinucellate 
ovule however seems to be the exception. The number of 
nucellar epidermal cells in the majority of species studied, 
varies from mostly one cell, e.g. in Borreria hispida to 5 
or 6 cells e.g. in Knoxia corymbosa (Shivaramiah & 
Ganapathy 1961) and Rondeletia amoena (Shivaramiah & 
Dutt 1964). In most of the Rubiaceous ovules studied, 
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including P. gardeniifolia (Figure Sa), the archesporium 
is described as consisting of one hypodermal cell which 
directly functions as the megaspore mother cell. In 
Crucianella , Lloyd (1899 & 1902) found the archesporium 
to consist of 12 to 15 very large embryo-sac mother cells. 
Fagerlind (1937) also found ~multicellular archesporium 
in a number of genera within the section Eugalium. 
Maheshwari (1950) states very appropriately, that the 
series of stages in the reduction of the nucellus presented 
by Fagerlind, 'is so clear and convincing that there is no 
longer any doubt about the true relationships of the 
nucellus and integument in the Rubiaceae'. 
According to phylogenetic series suggested by Fagerlind 
(1937), the structure of the nucellus in P. gardeniifolia 
corresponds with the more primitive condition in the 
Rubiaceae. 
From the cited literature it is clear that, although T-
shaped megaspore tetrads are occasionally found , a linear 
tetrad forming a monosporic, 8-nucleate Polygonum-type 
embryo sac is usually found in Rubiaceous ovules which 
is further confirmed by this study. The absence of a filiform 
apparatus in P. gardeniifolia corresponds with the fact 
that it was not mentioned by any of the authors who 
studied other Rubiaceae ovules. 
As is the case in P. gardeniifolia, starch grains were 
found in the embryo sac of a number of other Rubiaceae 
representatives such as Callipeltis cucullaria and Galium 
tinctorum (Lloyd 1899 & 1902); Pentas, Richardsonia , 
Cephalanthus , Pavetta and Psychotria species (Fagerlind 
1937) and Rondeletia amoena (Shivaramiah & Dutt 1964). 
The fused polar nuclei recorded here for P. gardeniifolia 
were also recorded in other Rubiaceae taxa by Lloyd (1899 
& 1902) and Siddiqui & Siddiqui (1968a). 
No mention was made by earlier workers on Rubiaceae 
about a hypostase. Tilton (1980) described a hypostase as 
' ... a group of modified cells with usually lignified walls ... ' . 
According to our histochemical tests, the thick-walled 
hypostase cells in P. gardeniifolia are not lignified. Cells 
similar to the tanniniferous integumentary epidermal cells 
in P. gardeniifolia were mentioned by Lloyd (1899 & 
1902) in Diodia virginiana and by Fagerlind (1937) in 
several other Rubiaceae species. Porogamous fertilization 
as mentioned here, was also found in other Rubiaceae 
(Lloyd 1899 & 1902; Fagerlind 1937; Farooq 1959; 
Periasamy & Parameswaran 1965 and Siddiqui & Siddiqui 
1968a & b). 
Excepting Tarenna asiatica and Ophiorrhiza mungos 
(Periasamy & Parameswaran 1965) where the endosperm 
is cellular, all other investigated members of the 
Rubiaceae including P. gardeniifolia have nuclear 
endosperm. Ruminate endosperm, according to Corner 
(1976) is found in Psychotria, Randia and Tarenna. In 
the cited literature, no reference to any other species with 
ruminate endosperm was found . Lloyd (1899 & 1902) 
found the endosperm of Houstonia to be 'rich in proteids' 
with a few scattered starch grains , but in Callipeltis 
cucullaria the endosperm cells were initially packed with 
starch, which is also but to a lesser extent the case in 
Oldenlandia dichotoma (Siddiqui & Siddiqui 1968a). In 
Borreria stricta (Siddiqui & Siddiqui 1968b ) , as in many 
other species, the walls of the mature endosperm cells 
become thickened, owing to the deposition of cellulose. 
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Usually the starch content decreases simultaneously as 
was observed in Galium asperifolium (Farooq 1960). In 
Tarenna asiatica the mature endosperm cells are ' thick-
walled and contain abundant oily reserves' (Periasamy & 
Parameswaran 1965). It is therefore apparent that the 
origin and nature of the endosperm of the various 
Rubiaceous species which have been studied so far, show 
considerable diversity. 
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